Atkinson & Shi rin: The Mo dal
Mo del
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Felruary 6, 2007



Overview of today's material

Atkinson & Shi rin : the modal model

1. Control processes
2. Transfa to long-term memory



Housekeeping

ReadCh 3 (Neath & Suprenar) if you haven't
already.

Optional readirg: Howard and Kahama (1999).

Next exp report (Serid Position) due 2/13
(complete by previousclass).

First ExamTu Feb 20.



Important stu from last time

Decay vs Interferencein primary menmory
1. Decay In primary memay?

2. Retroactive Interference In Brown-Peterson
(Waugh-Norman)

3. Proactive interferencein Brown Peterson (Keppe
& Undervwood, releasefrom Pl)



The Modal Mo del
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The state of primary memory reseach
In 1968

Theoretical distinction between primary and
seconday menory.

Importance of reheasd In  maintaining
iInformation understood.

Role of interferene.



Atkinson and Shirin (1968)

Watershed moment in cognitive psydologystill
cited 100 timesa year.

Explosionof modeling and experiment done by
Atkinson's lab in the mid-1960s

Brought it all together in a cohereat theory.



The Atkinson and Shi rin (1968)

STS Is a
capaity bu er.

Mo del
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Points of distinction/emphasis for STS

In STS, intega number of items available all-or-
nore.

Control proceseessulgea to volitional control.

Transferto long-term store depended on time In
STS.

Detailed mathematical modding.



Aut omatic vs controlled processing

Automatic processng happens independently of
volition on the part of the S.

Controlled processing Is a result of strategic
deasions on the part of the S.



Sensay registers vs STS

Type of Information, sensory vs modality-
iIndependent \a vl"

This meanssanantic information availablein STS
(not so much sensay registers).

Time course(STS typically longer).

Type of processing,automatic vs controlled.



Controlled Procesang in STS

Control ProCessea
maintain information In

STS.
Reheasal iIs main one.

The longerin STS, the
more trander to LTS.
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A continuous paired-asscciates test
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Mathematic al modeling of STS

Number-ldter paired associatesteds.
New item would either enter the bu er or not.
If stimulusalread/ in bu er, certainto enter.

If stimulus not in buer, some proballity of it
displcinga random item.



Stimul us already In bu er
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Stimul us not already In bu er
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A prediction

An SR pair replaces an S-R pair in bu er with
the same S.

An SR pair can displace an S-Rparr if the Sisn't
In bu er.

Chance of displacanent are higher if number of
S is higherthan bu e r capacity.




Mathematic al modeling of LTS

\Amount" Iin LTS proportional to time in STS.

Slow forgetting from LT S.



Atkinson & Shi rin Mo del Describes
Performance

Leve of performance at
long delay depends on
time in bu er.

Chances of entering
bu er greate If fewer
stimuli.
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\A lI-same" vs \ All-di ere nt" In cont.
PAL

Sane:
12-X 337G 37-L37-O037-D 12-M
Di e rent:

12-X 37-G 62-L 29-0 54-D 12-M



And predicts e ect of overt/covert
rehearsal

In the \overt" condition sulgeds say each pair
out loud.

Atkinson and Shi rin arguedthis led to automatic
entryinto buer . ..

. . . which shoud



Mo del describes overt/covert reheasal

PROBABILITY OF A CORRECT RESPONSE




. . . In considerable detall



Anot her broad class of ndings

The A&S model and selal pogtion eects in free
recall.

(If we have time) Microscopic ass@iative e ects
in free reaall.



Serial Position Experiment



The free recall task

Get a seriesof words.
Reall them in any order.

Let's giveit atry!



blessing



sumimer



Canoe



fla vor



duty



ra ttle



gar ment



motl on



oven



fe ver



hammer



tenn IS



congress



powder



level



need| e



paper



daughter



tra ffic



*k%k



How Is this di erent from the coglab
experiment?



Some review on the A& S model

Short-term stare (STS): high acauracy limited
capaity, all-or-nonebu er|r apid forgetting.

Long-term store (LTS): vast capacity,
probahilistic retrieval|slo w forgetting.

Accessto LTS Is via STS, amount transferred
depends ontime in STS.




A&S model also applied to free recall

The receng eect in immediate and ddayed
recall.

The primacy ee ct in freereall.

Diredly measumg reheasal.



The recency e ect In immediate and
delayed free recall

12 s delay (with distractor)

Wealensrecency eect

No eed on ealy Ilist
pogtions

Howard and Kahana, 1999



Predicti ons of the Atkinson & Shirin
model

Why would a delay result in worse memay for
items at the end of the list?

Why would it have no e ed on early saial
postions?



Many other variables a ect one end of
the SPC but not the other

Modality (better recencyfor auditory).
Amnesa (Baddeley and Warrington, 1970).
Word frequency(better recll of early items).
Semanticsimilaity of list (better early).

Presatation rate (better ealy)



Presentation rate and recency

2 slitem (slow) or
1 d/item (fast).

NO e ed on
recency

Slower
presentation
makes better
memoy at early
and middle SPs

Probability of Recall

| | | |
5 10 15 20
Serial Position

Murdock, 1962



A&S explanation of presentation rate
data

Why would A&S predict an increase in recall at
ealy serid positions?

How canthis occurwith no e ect onrecall at the
end of the list?



The A& S model descaibed the SPC as
the result of two stores

Immediae recall uses STS +
LTS.

P(R)

STS

Delayed recall uses only
LTS|w hy? L1s

Serial Position

Reencye ectdueto STS.



The primacy e ect In free recall
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Advantagefor recallof rst seveal itemsin the list.



Reheasal and the primacy e ect

This time, let's say the words out loud while we
study them to help our menory.



absence



holl ow



pupll



rv er



darlin ¢



campaign



helmet



A&S model predicts primacy

No displacement from bu er until bu er full.
Capacity typically 2-4.

First items recave more time in bu er, hence
more trander, hene better recall.



Evidence for A&S account of primacy

Ealy items are reheased more (g 3.9, Neath &
Suprenant)

Condtions under which reheasal is disouraged
disryot primacy

1. Incidental learning.
2. Concurent task.



Overt rehearsal (g 3.9, Neath &
Suprenant)

Have the sulject rehease out loud (rather than
cowvertly)

Reord thar reheasds

Number and order of rehearsals can be depencdent
measures



Rehearsal predicts primacy



Reheasal Predicts Recall



Is rehearsal + recency all you need to
explain primacy?

Oveat reheasd.
\Last reheasal s4"

When was the last time
the item was rehearsed?



Incidental learning

Suwbject doesn't know there'll be a memory ted.
Presumablyno needto engaje in reheasal.

Marshall and Werder (1972) found essentiallyno
primacy e e ct with incidental learning.



Incidental learning results
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Concurrent task

Suwbjects know there will be a test.

But they have to do other processing on each
word.

Should prevent control proceses.



Concurrent task and primacy

Murdock (1962) no

task.

Howard &
Kahana (1999)
conaete/abstract
judgement.
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A note about recency and primacy

Bu er modd predicts primacy

Evay memory model under the sun predicts
recency

Primacy has bean taken asdiagrogic of STS/LTS
distinction



Interim Summary

Variables \dissociate" the ends of the seaial
pogtion curvein free recall

A&S model explains theseas e eds on STS and
LTS.

A&S model also predicts primacy ee ct in free
recall.

We sav microsopic detall in the continuous
pared-assgciates task. . . how about free recall?



Free recall is complicated

Free recall Is a complicatedprocess.
You can measurea lot more than P (R)

Re®achers have generaed many depencent
measures to desaibe FR.

Output dynamics.



Data from CoglLab Serial Position data
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More complex measures of free recall

FR reects \natural" organzation of memory.
Obseve tendenciesin order of recall.

An Impressve feature of A&S was ablility to
descibe detalils.

Can it desaibe details of FR?



Output Position

SP OP Subl Sub 2

1 ABSENCE 1 POLICE PUPIL

2 HOLLOW 2 HOLLOW DUTY

3 PUPIL 3 BABY PATIENCE
4 WRITER 4 PUPIL BABY

5 SQURREL 5 SEASON

6 POLICE 6 WRITER

/7 DUTY

8 PATIENCE

9 BABY

10 SEASON



Output order more constrained than
SPC

Multiple output orders leadto the sameSPC

For instance,7,3,9,10],2,8 yieldsthe sameSPC
asl,2,3,78,9,10.

A theory could describe SPC but fail to desribe
output order.



What items are recalled rst?
Mean Output Position



MOP In CoglLab data
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Probability of rst recall and
conditi onal response probability

PFR measuresvhereSs start reall.
CRP measures probability of transitions.

The CRP can be taken as a measure of
ass@iation.



PFR and CRP

Study

ABSENCE HOLLOW PUPIL
2 3

Test

CRP

Probability of First Recall

Serial Position
Lag



0.5
0.4
0.3
0.2

0.1

The PFR
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The PFR in CoglLab data
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Probability of Recall

Serial recall strategy
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General nd ings of the CRP

Contiguty. CRP peaked around zero.
Asymmetry: Forward stronge than backward.

Changeswith output position in immediae but
not delayed recall.



Contiguity and Asymmetry in the CRP
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CoglLab CRP
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This is like Ebbinghaus!

forward remote

backward M

ABCDE



How much did we learn that is new
over Ebbinghaus' contribution?



The CRP changes with output
position In IFR



The CRP changes with output
position In IFR
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The CRP changes with output
position: CoglLab data
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The Raaljmakkers and Shirin (1980)
free recall model

Much like A&S model.

Big di erenceis an elaborated seach through
LTS.

ltems In STS as®ciated to each other.

Assaiations built up by beingtogether in STS.



Associations In LTS In R&S model

LTM Is a collection of nodes associated to each
other.

\Contents" of STS are activated subsé¢ of LTM.

Concurent activation strengthens associations
between nodes

STS more of a process than a contaner.



(with some tweaking) R&S model ts
output order data



R& S explanations

Multiple items recalled from STS.

ltems in STS are from end of list, sohigh CRPIn
IFR.

Assaiations build up between items in STS,
leadng to CRP



R& S recency

STS

ABCDEFGH



R&S CRP at Study

STS

ltems neaby togetha TN

In STS ABCDE

X7

Conrections In LTS oS
strengthened for items 7N
ABCDEF

In STS. W



R&S CRP at Ted

In saarching LTS, just-
recalled item used as a cue.

Conrections between nearby
items stronger.

Leads to CRP from LTS.



Peek ahead: A Problem for two-store
models

The long-term recencye ect.
Reancyis obse&ved ovea long time scales.

(So Is the CRP!)



Summary

STS and LTS de<ribe recency and pre-recency

A&S model desaibes primacy as extra reheasal
for ealy items

Lots of measuresof output dynamicsin freerecll:
PFR, CRE MOP.

Asscaiationsin menory are formed between items
presanted at neaby times.



Assignments

ReadCh 3 (Neath & Suprenar) if you haven't
already.

Optional readirg: Howard and Kahama (1999).

Next exp report (Serid Position) due 2/13
(complete by previousclass).

First ExamTu Feb 20.



